Abstract -Despite the abundance of localization applications, the tracking devices have never been truly realized in E-textiles. Unobtrusive and flexible integration of tracking devices with clothes is difficult to achieve with standard PCB-based devices. An attractive option would be direct printing of circuit layout on the textile itself, negating the use of hard PCB materials. However, due to high surface roughness and porosity of textiles, efficient and reliable printing of electronics on textile has remained elusive. In this paper, an interface layer is first printed on the textile to facilitate the printing of a complete localization circuit and antenna for the first time. The tracking device utilizes WiFi to determine the wearer's position and can display this information on any internet-enabled device, such as smart phone. The device is small enough (55 mm x 45 mm) and lightweight (22g with 500 mAh battery) for people to comfortably wear it and can be easily concealed in case discretion is required. The device operates at 2.4GHz with communication range of up to 55 meters, and localization accuracy of up to 8 meters.
I. INTRODUCTION
Wearable devices are taking the world by storm. E-textiles, also known as smart fabrics, make up a considerable part of the wearable technology field. E-textiles is a term used for wearable technology on a textile platform that incorporates electronics, interconnects, sensors, etc. on or within fabrics allowing for facilitated human-device interaction. Grand View Research estimates that the global smart textile market will exceed USD 1,500 million by 2020 [1] .
Localization (tracking, locating) is a well-studied concept that has many wearable applications. However, currently there are no true E-textiles tracking implementations. A few examples of clothes with tracking features are realized by gluing, stitching or pocketing regular trackers onto textile [2] . Such incorporation of trackers can hardly be labeled as Etextiles. Since these trackers are solid PCB-based, resulting clothes implementations feel bulky and rigid. True E-textiles implementation can potentially be accomplished via conductive printing since printing on textiles renders PCBs redundant. Inkjet printing is already widely exploited to print on different substrates including paper and plastic [3, 4] . The advantage of conductive printing process lies in its similarity to PCB fabrication. Conductive printing allows producing entire electronic circuits in a planar, highly repeatable and low-cost manner. Conventional conductive printing technologies, such as ink-jet and screen printing, are suitable for roll-to-roll mass production with adequate precision. However, the main obstacle in conductive printing on textiles is the substrate itself. Common textiles are constructed from yarn that is twisted and interwoven due to which a textile structure is usually very rough. Such surface structure is highly unfavorable for direct conductive printing on textile. Consequently, to perform successful conductive printing, fabric surface should be made flat and uniform.
An interface layer can be printed before patterned conductive printing to covers the surface profile of a material rendering it flat and relatively smooth. Research groups have investigated the interface layer method for direct printing on textiles, however they have shown simple structures consisting of interconnects and standalone patch antenna [5, 6] . Moreover, they have used an expensive customized dielectric to print the interface layer. This work, for the first time, demonstrates a complete system printed on a polyester/cotton T-shirt, which helps in tracking the person who is wearing that T-shirt through a smart phone or any internet enabled device. Furthermore, the interface layer has been printed through a general purpose dielectric material. Utilizing WiFi technology, this wearable tracking system can locate the position of lost children, senior citizens, patients or people in uniforms, lab coats, hospital gowns, etc.
II. SYSTEM DESIGN
The system level design is depicted in Fig. 1 . It comprises a WiFi module, microcontroller, integrated antenna and a localization server. The localization device scans nearby access points (AP), formats data, and sends it to a server where the AP data is used by the Google Geolocation Application Program Interface (API) to locate the position of the tracking device on the map. Each WiFi AP has its unique identifier -MAC address. The Geolocation API provides the interface to embed Google's access points database and its triangulation algorithms into the code. The RN171 WiFi module from Microchip ® is employed in this research work. This module has an on-board TCP/IP stack, which can automatically join a WiFi network, and send and/or receive data packets. Access points data that has been scanned by WiFi module is then transported to a microcontroller (Atmel ® Atmega328p). The microcontroller processes the AP data, formats it and sends the requests with access points data to the localization server. The server reads the received access points data, formats it and processes it through the Google API to receive the location coordinates and accuracy radius. Then, the server application plots these values on a localization map. The map provides an interface to visualize the location of the device. This map can be accessed from any internet-enabled device such as laptop, mobile phone, etc. The device is powered by a rechargeable 3.7V Lithium Ion Polymer(LiPo) battery. The battery's capacity is 500mAh and it can last up to 33 hours with one transmit and receive call per minute. The communication between the localization device and APs is done through an on-textile modified inverted Fantenna (IFA) [7] . In this design, the shortening arm of a standard IFA is extended to provide adequate impedance matching without enlarging the antenna dimensions that is critical for maintaining the compactness of the device. The Ansys™ HFSS simulation indicates that the modified IFA radiates at 2.4GHz with return loss of 20dB, bandwidth of 300MHz and gain of 2.58dB.
III. FABRICATION
The Interface Layer method is suitable for production of smart fabrics from any textile material while preserving the natural elasticity of the clothes. To prove these statement three common woven fabric substrates were selected as shown on Fig.2(a) . The Creative Materials CM 116-20 is a general purpose UV-curable dielectric ink that has been used for the interface layer. In this work, the manual screen printing, also called "Doctor Blading", is employed to form the interface layer. Furthermore, 0.3mm thick PET film stencils are used for the screen printing. PET stencil is placed on top of the fabric textile and CM116-20 dielectric paste is poured onto the stencil. A squeegee is used to scrape dielectric paste across the stencil. The stencil is then removed and the textile substrate is UV cured for 5 min at 1000 mJ/cm 2 . The textile substrate is placed in an oven for 1 hour at 130°C. The interface layer on textile is dried at room temperature for at least one hour. The resulting interface layer on three different textile materials can be seen in Fig.2(a) . The RMS surface roughnesses of these textile substrates are equal to 1.5nm (yellow), 3.3nm (white) and 2nm (black). Finally, the conductive printing is accomplished by ink-jet printing via Dimatix DMP 2831 printer. 10 pl cartridges are used to print the circuit layout. The drop spacing of 20um is experimentally found to perform well providing sharp line edges and almost no side overspills. The silver nanoparticle ink DGP 40LT-15C from Advanced Nano Products ® is used as the conductive ink. After printing, the deposited layers are sintered for 20 mins at 130°C in a thermal oven.
As soldering cannot be employed on inkjet printed circuit layout because of high soldering temperature, flexible conductive epoxy AA-DUCT 2919 from Atom Adhesives ® is used to mount the components. In order to further strengthen the bond between the components and the printed traces, a regular non-conductive 5-minute epoxy from Devcon ® is also applied. The fabricated device is shown in Fig. 2(b) (a) 
A. Antenna Measurements
The fabricated antenna's reflection coefficients S 11 have been measured using Keysight ® N9923A FieldFox Vector Network Analyzer. Fig.3 plots the reflection coefficients of the simulated and fabricated antennas. A good correlation between the simulated and measured results can be observed. The antenna remains impedance matched even after placement on the body. A 3D radiation pattern of fabricated antenna has been measured in Satimo's Star Lab anechoic chamber (Fig.  4a) . The fabricated antenna exhibits a measured gain of 1.92dB.
Active antenna testing is done by programming the tracking device as a transceiver, while the RN171 evaluation board is connected to the laptop and acts as a receiver. The DUT provides 12dBm (16mW) of maximum transmitted RF power, whereas receiver's sensitivity is -83dBm. The device is kept stationary while the receiver is rotated around the DUT in 15° steps. At each point the RSSI measurement is recorded. The measurements of E-plane and H-plane are shown in Fig.4(b) The H-plane can be considered omnidirectional and the Eplane is very similar to the E-field of the standalone antenna.
B. Communication Range
Setup similar to active antenna measurements has been used to measure the communication range. The measurements have been taken both in air and on-body by attaching the device on 
C. Localization Accuracy
For this test, the tracking device scans ten nearby WiFi access points and then sends this data to the server that uses Google API to triangulate the position. Human test subject wearing T-shirt with the attached localization device prototype was placed on ten different locations across the campus with known latitudes and longitudes. The subject's location was recorded via the localization prototype both in air and on body as shown in Fig. 6 . The resulting distance deviation for inair and on-body varies from 8 to 26 meters which is more than enough for many applications. The average for in-air and onbody deviation is 15.5 and 18 meters respectively.
V. CONCLUSION
This work demonstrates, for the first time, the formation of a fully functional localization device printed on textile through an interface layer method. The resulting device was field tested and showed communication distance of up to 55 meters and localization accuracy of up to 8 meters while being worn on a body. The device is flexible and small enough for people to comfortably wear it on clothes such as uniforms, lab coats, nursing gowns, etc. The proposed device can prove to be a significant step forward in the field of printed E-textiles.
